The study was conducted to evaluate some nonlinear functions used to describe the growth curve in broiler and to identify the better function according to some criteria [coefficient of determination (R 2 ), mean square error (MSE) and coefficient of Pearson correlation (r)].The experiment included ninety day-old unsexed broiler chicks (Ross 308). Three nonlinear functions (Gompertz, Logistic and Bertalanffy nonlinear functions) were used in the present study. Results revealed that the Gompertz function was the best for fitting the growth curve in broiler as compared with the two functions. The estimated values of asymptotic weight (β0), integration constant (β1) and maturity rate (β2) parameters according to Gompertz model were 2973, 4.67 and 0.05respectively. The age and weight of inflection point (IPA, IPW) of Gompertz function was 31.20 days and 1094 gm respectively whereas the highest growth rate (max increment) was 54.70. In conclusion: The results confirmed that Gompertz function was more appropriate to describe the growth curve in the broiler (Ross 308) as compared with other functions.
Introduction
Growth trajectory measured as body mass or body weight has been described by mathematical models fitted to growth curves, particularly in poultry (Aggrey, 2002; Reddish and Lilburn, 2004; Norris et al., 2007) . .Growth is an important economic trait in broiler industry and it can be defined as an increase in body size per time unit (Schulze et al., 2001) . Description of growth curve was applied in domestic animals because of its practical applications, particularly when the diet consist different types of additives (Sabbioni et al., 1999; Abbas et al., 2014) . The effect of additives could not limit to final weight but it may extend to include the shape of growth.
Growth curve models provide a set of parameters that are used to describe growth pattern over time, and to estimate the expected weight of animals at a specific age (Tzeng and Becker, 1981; Yakupoglu and Atil, 2001 ). Several equations have been used to describe the growth curve in broiler such as Gompertz, Richards, Bertalanffy, Brody, Logistic, Negative Exponential, Morgan-Mercer Flodin and, Hyperbolastic models (Knizetova etal., 1991; Aggrey, 2002) . The most frequent models that have been used were Bertalanffy, Gompertz and Logistic (Yakupoglu and Atil, 2001; Ali and Brenoe, 2002; Yang et al., 2006; Topal and Bolukbasi, 2008) . The purpose of the present study is to evaluate the three nonlinear equations ( Gompertz, Logistic and Bertalanffy nonlinear functions) that used to describe growth curve in broiler and to identify the best one out of those functions.
Materials and Methods
The experiment was conducted in one of the private sector poultry farms in Baghdad for the period from 10/3/2014 to 20/4/2014. The experiment included ninety day-old unsexed broiler chicks (Ross 308), purchased from a local commercial hatchery. Birds were housed in a floor pen. The lighting regimen provided 22 h of continuous light per day. Birds were vaccinated against Newcastle disease and infectious bronchitis on the 10 th day of age and against Gambaro disease on 17 days of age.
A commercial basal diet was given to the birds. The ingredient and the nutrient composition of the basal diet are presented in Table 1 . Feed and drinking water were offered ad libitum. Birds were weighed at fixed intervals of one week for 6 weeks. The growth functions were carried out from the mean weekly body weight. Three functions were used (Gompertz, Logistic and Bertalanffy) to identify the best function that describe the growth curve shape. The functions and their mathematical notations are presented in Table ( 2). In all functions, β 0 is the asymptotic (mature) weight parameter, β 1 is the scaling parameter (constant of integration) and β 2 is the instantaneous growth rate (per day) parameter (Yang et al. 2006) . The point, which divides the curve into two and at which the highest growth rate is observed in sigmoid models, is the inflection point. Table ( 2) shows also the age and weight of inflection point for each function as well as the equations for the highest growth rate (Max increment) at these points. The model parameters were estimated with the Levenberg-Marquardt iteration method using NLIN procedure in SAS program (SAS, 2012) . Three criteria were used to compare the goodness of fit among functions: coefficient of determination (R 2 ), mean square error (MSE) and coefficient of Pearson correlation between observed and predicted values for each function. (Table 4) . Results Table (4) shows the estimated body weight and the predicted body weight by three functions in broiler during sex weeks. The correlations between the growth curve parameters were found negative for β 0 -β 1 and β 0 -β 2 but positive for β 1 -β 2 in all models. The correlation coefficients in the present study were in concordant with various studies that examined growth in the poultry with the Gompertz model (Akbas and Oguz, 1998; Akbas and Yaylak, 2000) . In regards with the ages of inflection point, higher values were estimated for Bertalanffy(32.22 days) and lowest for Logistic (28.98 days). The IPA values estimated in the present study were low as compared with the values in other studies (Santos et al., 2005; N'Dri et al., 2006; Dourado et al., 2009 ).These differences could be attributed to differences in breed and the period of breeding and marketing weight of broiler.
The higher value of weight of inflection point (IP W ) was found for Bertalanffy (1155) and the lowest for Gompertz (1094). These results were also lower than values reported in some studies (Santos et al., 2005; N'Dri et al., 2006; Dourado et al., 2009 ). The differences may be due to lower final weight of broiler in the present study as IP W is a function of β 0 . Concerning maximal growth rate, the highest value was found in Logistic (67.50) and the lowest in Bertalanffy (51.97). The results of goodness of fit in Bertalanffy, Gompertz and Logistic growth curve models for broiler are presented in Table 6 . In all models, the values of coefficient of determination and correlation coefficient were highly significant (P <0.0001).
Mean square error represents another criterion to determine which of the three functions is more fitting. The value of MSE of Gompertz function was the lowest 1068.6, as compared with the values of other functions. This result confirmed that Gompertz function was fit the growth curve better than other functions. The corresponding values of MSE for the Logistic and Bertalanffy were 1107.5 and 2013.7 respectively.
The results of the present study were consistent with the previous results reported by several researchers ( Gous et al., 1999; Santos et al., 2005) . In conclusion: The results confirmed that Gompertz function was more appropriate to describe the growth curve in broiler (Ross 308) as compared with other functions.
